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Introduction
Boar sperm membranes possess discrete domains of
differing membrane fluidity, which is significantly
affected by temperature [1-2]. Moreover, the sperm
membranes appear to be the primary site of damage
induced by reduced temperature and alterations in their
molecular composition can impair the fertilization
processes [3]. Evidence is assembled to suggest that
lyophilized lipoprotein fraction of ostrich egg yolk
(LPFo) has an overwhelming beneficial effect on the
structural and functional integrity of boar plasma
membrane during liquid storage [4-6] and cryopreser-
vation of semen [7]. Recent studies in our laboratory
have shown that artificial insemination of sows with
liquid-stored or cryopreserved semen supplemented
with LPFo gave acceptable fertility results [8-9]. There
is abundant evidence indicating that the biochemical
composition of LPFo is different from that of the
lipoprotein fraction isolated from hen egg yolk, in
terms of protein, cholesterol, phospholipids and fatty
acid contents [4-5,8]. Little is known about the mech-
anism underlying the egg yolk lipoprotein interactions
with sperm membrane architecture. However, many
hypotheses have been suggested to explain the mecha-
nisms by which lipoproteins of hen egg yolk protect
spermatozoa during semen preservation [10-11].
The interactions of egg yolk lipoproteins with sper-
matozoa had been investigated using an enzyme-
labeled antibody method and radioactive labeling of
egg yolk lipids [12]. Several authors demonstrated that
a fluorescent membrane probe, 1-anilinonaphthalene-
8-sulfonic acid (1,8-ANS), could be used to study the
interactions of egg yolk components with ram or
bovine spermatozoa [13-14]. It has been confirmed
that ANS is hardly fluorescent in aqueous solutions,
but becomes strongly fluorescent in apolar, organic
solvents or when bound to hydrophobic molecules
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[15]. The fluorescent probe is generally recognized to
bind membrane proteins and shows strong binding
affinity for phospholipids, such as phosphatidylcholine
and lysolecithin [16]. In this study, the membrane probe
ANS was used to investigate the interactions of differ-
ent concentrations of LPFo with boar spermatozoa fol-
lowing after a 3h-storage period at 16°C. Additionally,
the interactions of LPFo with cold shock-treated sper-
matozoa were studied before and after storage at 16°C.
It is envisaged that these experiments would provide an
insight into the nature of the molecular interactions
between LPFo and the sperm membrane following
semen preservation. Sperm viability such as motility,
plasma membrane integrity and mitochondrial function,
was monitored before and after storage of K3-extended
semen supplemented with 2% or 5% LPFo.
Materials and methods
Ejaculate collections. Semen was collected from 3 boars, desig-
nated F, K and M (aged 2 years, Polish Large White race) once
weekly for a period of 3 weeks. The boars were fed with a com-
mercial porcine ration. Water was available ad libitum. Semen was
collected using the gloved-hand technique, and the gel portion was
removed using nylon mesh filter. Sperm concentration was calcu-
lated with a hemocytometer. The percentage of morphologically
abnormal spermatozoa was evaluated using the Giemsa staining
method. Permission to conduct this study was granted by the Local
Ethics Committee for Animal Experiments.
Semen processing and storage. Semen samples were divided into
2 parts: one part was used for liquid storage (Experiment 1) and the
other was used for cold shock treatment (Experiment 2). The LPFo
was isolated from ostrich egg yolk, lyophilized and stored until
required. A brief description of the LPFo extraction procedure has
been published elsewhere [4]. 
In Experiment 1, semen samples were extended (30 × 106 sper-
matozoa/ml) in K3 extender (69.3 mM fructose, 64.6 mM sodium
citrate, 8.0 mM Na2-EDTA, 14.2 mM potassium acetate; pH 6.8,
250 mg gentamycin sulphate) supplemented with 2% and 5% (w/v)
LPFo. Samples (5 × 106 spermatozoa/ml) taken for ANS fluores-
cent analysis prior to storage of K3-extended semen supplemented
with 2% or 5% LPFo at room temperature were used as the control
(0h). The extended semen was stored in a Thermobox for 3h at
16°C. 
In Experiment 2, washed semen samples (800 × g, 5 min) were
re-suspended in a phosphate-buffered solution (PBS) and subject-
ed to cold shock treatment (1h at 4°C). Cold shocked-treated sper-
matozoa were rewashed (800 × g, 5 min), re-suspended in K3
extender supplemented with 2% and 5% (w/v) and stored for 3h at
16°C.
Analysis of ANS fluorescence. The ANS analysis was performed
according to a previous method [13], with some modifications.
Sperm samples were washed (800 × g, 5 min) to remove unbound
LPFo and re-suspended in PBS containing 1mM working solution
of ANS (Molecular Probes, Eugene, OR, USA). Following incuba-
tion for 15 min at 37°C, smears of ANS-treated sperm samples
were made on clean microscopic slides, air-dried and examined
under an epifluorescence microscope, equipped with appropriate
excitation/emission filters (Olympus CH 30, Tokyo, Japan). In
addition, washed spermatozoa (800 × g, 5 min), stored in the
absence of LPFo for 3h at 16°C, were stained with ANS and ana-
lyzed, as described above. The degree of LPFo-ANS fluorescence
was scored subjectively using the following scoring system for
each group of spermatozoa: a – fluorescing simultaneously
throughout the head and mid-piece regions; b – fluorescing only
throughout the head region; c – fluorescing only throughout the
mid-piece region; d – without any positive fluorescence in the head
or midpiece region and e – stored in the absence of LPFo and
stained with ANS. Slides were prepared in duplicate and approxi-
mately 200 spermatozoa were evaluated per slide. Spermatozoa
showing intense, definite, weak or no fluorescence in their mem-
brane structures were classified into 4 groups, a, b, c and d, as
described above.
Sperm viability assessments. For sperm motility analysis aliquots
of semen samples were placed on pre-warmed microscope slide,
overlaid with a 20 × 20 mm coverslide and examined at 200 ×
magnification under a light microscope (Olympus BX 40, Tokyo,
Japan), equipped with a heated stage (37°C).
Sperma plasma membrane integrity (PMI) was assessed using
the Live/Dead Sperm Viability Kit L-7011 (Molecular Probes,
Eugene, OR, USA), consisting of a combination of fluorescent
probes, SYBR-14 (0.1 mg/ml dimethylsulfoxide, DMSO) and pro-
pidium iodide, PI (2.4 μM PI in Tyrode's salt solution), as described
in a previous study [17]. A working solution of SYBR-14  diluted
(1:50) with HEPES buffered solution (10mM HEPES, 0.85% NaCl,
0.1% bovine serum albumin, pH 7.4) was prepared. Briefly, diluted
semen samples (30 × 106 sperm/ml) were incubated with SYBR-14
and PI solutions for 10 minutes at 37°C. Following incubtaion,
aliqouts of stained sperm cells were placed on microscopic slides,
covered with cover slips and examined at 600× magnification under
an epifluorescence microscopy (Olympus CH 30). A minimum of
200 cells per slide was examined in random fields of each aliquot
and classified as intact or damaged plasma membrane.
The percentage of live spermatozoa with functional mitochon-
dria was assessed using a combination of fluorescent stains, rho-
damine 123 (R123, Molecular Probes, Eugene, OR, USA) and PI,
as described in a previous study [7]. Rhodamine 123 was prepared
from a stock solution of 5mg/ml DMSO and stored in aliquots of
30 μl until required. Aliquots (10 μL) of samples stained with
R123/PI were examined under an epifluorescence microscope
(Olympus CH 30). Sperm cells displaying only green fluorescence
at the mid-piece region were considered viable spermatozoa with
functional mitochondria. A minimum of 200 cells per slide was
examined in random fields of each aliquot.
Statistical analysis. All values were expressed as means±standard
error of means (SEM). Data from Experiment 1 were analyzed by
ANOVA using boar and sperm treatments (2% and 5% LPFo con-
centrations) as the main variables after a 3h-storage period. Dif-
ferences between means were considered significant at p<0.05,
using the Neuman-Keuls post hoc test. The Statistica software
package (StatSoft Incorporation, Tulsa OK., USA) was used to
analyze the data. 
Results
Fig. 1 shows the localization of fluorescence of ANS
following its interactions with LPFo before or after stor-
age. The interactions of LPFo with spermatozoa were
accompanied by quite high ANS fluorescence intensity
at different regions of the sperm membrane, as shown in
Fig. 1 (groups a, b and c). There was weak ANS fluo-
rescence for spermatozoa, which poorly interacted with
LPFo (Fig. 1; group d). Furthermore, spermatozoa
stored in the absence of LPFo exhibited very poor ANS
fluorescence intensity, as shown in Fig. 1; group e.
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In Experiment 1, ANOVA results revealed that only
boar variability (p<0.05) had a significant effect on
LPFo-ANS fluorescence patterns in spermatozoa fol-
lowing storage at 16°C. It was observed that treatment
(2% and 5% LPFo concentrations) did not have any
significant effect (p>0.05) on the different LPFo-ANS
fluorescence patterns in the stored spermatozoa.
In Experiment 1, the proportions of spermatozoa
defined by LPFo-ANS fluorescence over the head and
midpiece regions (Fig. 2; group a) were markedly
higher (p<0.05) compared to the other groups, regard-
less of LPFo concentration (Fig. 2). With progressive
storage time, the LPFo-ANS fluorescence increased,
spreading more evenly over the sperm head and mid-
piece. Consistent inter-boar variability was detected
for the populations of spermatozoa defined by the
LPFo-ANS fluorescence. Spermatozoa of Boar F
depicted the highest percentage (approximately 1.5 to
2-fold) of LPFo-ANS fluorescence over the head and
midpiece regions compared with the other boars dur-
ing storage in K3-extended semen supplemented with
2% LPFo (Fig. 2A) or 5% LPFo (Fig. 2B). 
In Experiment 2, the ANS fluorescence intensity
showed that LPFo coating was not uniformly distrib-
uted on the membrane surface of cold-shocked sper-
matozoa and, in some cases, there was preferential
binding of the lipoprotein fraction after storage. Sper-
matozoa showing LPFo-ANS fluorescence in the mid-
piece region (group b) or weak ANS fluorescence
(group d) were predominant in K3-extended semen
supplemented with 2% LPFo, irrespective of the stor-
age period (Fig. 3A). In contrast, it was observed that
a reduction in the proportions of spermatozoa showing
LPFo-ANS fluorescence in the midpiece region (group
b) was concomitant with an increase in the sperm pop-
ulations showing weak ANS fluorescence (group d)
after storage in K3-extended semen supplemented
with 5% LPFo (Fig. 3B). 
There were no significant differences in sperm via-
bility in terms of motility, PMI and mitochondrial
function at 0h and 3h of storage at 16°C, irrespective
of the LPFo concentration. Overall, the percentage of
motile spermatozoa averaged 67.5±2.2 (±SEM). There
were no marked differences (p>0.05) in sperm motili-
ty among boars. However, sperm PMI and mitochon-
drial function differed among boars, being markedly
lower in Boar K compared with Boar F and M during
storage in K3-extended semen supplemented with 2%
LPFo (Table 1).
Discussion 
In this study, the hydrophobic fluorescence probe ANS
was used to monitor the dynamic interactions between
different concentration of LPFo and sperm membrane.
It was observed that spermatozoa exposed to LPFo dis-
played a marked increase in ANS fluorescence, indi-
cating the availability of fluorescence-active binding
sites, particularly in the membrane overlying the head
and midpiece regions. The overall distributions of
ANS fluorescence became more apparent after a 3h-
storage period, suggesting that coating of the sperm
membranes by LPFo results in the exposure of multi-
ple binding sites for the probe. Similar findings were
reported by MacDonald and Foulkes [14], when ANS
was used to study the interactions of bovine spermato-
zoa with seminal plasma or hen egg yolk lipoproteins.
However, our results contrast the findings of Watson
[13], which demonstrated that ANS fluorescence
intensity was significantly reduced when ram sperma-
Fig. 1. Photographs of different patterns of LPFo-ANS fluorescence (original magnification ×400) in boar spermatozoa. The LPFo-ANS flu-
orescence intensity was scored subjectively using the following scoring system for each group of spermatozoa: a. fluorescing simultaneous-
ly throughout the head and mid-piece regions; b. fluorescing only throughout the head region; c. fluorescing only throughout the mid-piece
region; d. without any positive fluorescence in the head or midpiece region; e. stored in the absence of LPFo and stained with ANS.
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tozoa were incubated with different concentrations of
whole hen egg yolk. In the present study, a quenching
effect of either 2% or 5% LPFo on ANS fluorescence
intensity of stored spermatozoa was not observed. This
observation confirms that the interactions of spermato-
zoa with LPFo provided appropriate binding sites for
the membrane probe ANS, particularly after the 3h-
storage period.
It is noteworthy that ANS-related literature pro-
vides evidence that the hydrophobic ANS binds
strongly to zwitterionic phospholipids of the mem-
branes and does not give a fluorescence enhancement
in the presence of anionic phospholipids because the
negatively charged probe cannot penetrate into the
hydrophobic regions of the bilayer [16,18]. It is, there-
fore, possible that this assumption might explain the
low binding affinity of ANS to spermatozoa, when
stored in the absence of LPFo. It should be noted that
the polarity of the surrounding environment is a major
factor that could influence the ANS florescence [15].
Since ANS binding sites on LPFo structures constitute
phospholipid and protein domains, it can be suggested
that the large fluorescence response to electrostatic
and/or hydrophobic changes in the environmental con-
ditions was associated with increased binding affinity
of the probe. Apparently, the ANS fluorescence
enhancement displayed by spermatozoa stored with
LPFo might be a reflection of higher quantum yield
due to increased hydrophobicity of LPFo-ANS bind-
ing sites. Moreover, it has been demonstrated that
Fig. 2. Percentage of spermatozoa
showing LPFo-ANS fluorescence
patterns immediately after LPFo
treatment (0 h) and after 3 h of stor-
age at 16°C (3 h). The K3-extended
semen was supplemented with (A)
2% LPFo and (B) 5% LPFo. The
degree of LPFo-ANS fluorescence
was scored subjectively using the
following scoring system for each
group of spermatozoa, as described
in Fig. 1. Values represent the
means (±SEM) of 3 ejaculates, 3
each from the 3 boars. Within boars
values with different letters
(w,x,y,z) are significant at p<0.05.
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deterioration in the sperm metabolism activity could
have a quenching effect on ANS fluorescence [18].
However, our results showed that there were no
marked post-storage deteriorations in sperm metabo-
lism activity, represented mainly by motility and mito-
chondrial function. It should be emphasized that the
interaction of egg yolk components with the sperm
membrane is obviously complex. Several mechanisms
have been proposed to explain the membrane-associat-
ed ANS fluorescence. Studies have demonstrated that
the binding of ANS molecules to components of the
lipid-protein structures of membrane bilayer is associ-
ated with the transfer of excitation energy from the
aromatic tryptophan or tyrosine resides bound to the
probe [19-20]. 
In the current study, the fluorescence enhancement
accompanying ANS binding to LPFo-coated mem-
branes varied among boars and could be related to dif-
ferences in seminal plasma components. Domains of
boar sperm membranes have different molecular
dynamics and different responses to components of the
seminal plasma or cryopreservation media, which
could modulate the molecular interactions of egg yolk
lipoprotein with spermatozoa [1,21-22]. It is not easy
to unravel the role of seminal plasma components on
sperm function during liquid storage or cryopreserva-
tion of boar semen mainly because of their complex
composition [23]. Moreover, the intensity of ANS flu-
orescence showed that the action of sperm coating by
LPFo was more obvious after storage, suggesting that
the lipoprotein fraction confers protection to the sperm
membrane. It has been postulated that the major pro-
tective factor from hen egg yolk is the low-density
lipoprotein fraction (LDL), which is largely responsi-
ble for protecting spermatozoa during semen preserva-
tion [24], probably by the sequestration of detrimental
Fig. 3. Percentage of cold-shocked
spermatozoa showing LPFo-ANS
fluorescence patterns immediately
after LPFo treatment (0 h) and after
3h of storage at 16°C (3 h). The K3-
extended semen was supplemented
with (A) 2% LPFo and (B) 5%
LPFo. The degree of LPFo-ANS
fluorescence was scored subjective-
ly using the following scoring sys-
tem for each group of spermatozoa,
as described in Fig. 1. Values repre-
sent the means (±SEM) of 9 ejacu-
lates from 3 boars. Values with dif-
ferent letters (w,x,y,z) are significant
at p<0.05.
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seminal plasma proteins and binding to spermatozoa
[10-11]. Moreover, it has been reported that the phos-
pholipids, particularly phosphatidylcholine, improve
membrane fluidity and protect spermatozoa by inter-
acting with their plasma membrane [25]. In the present
study, the high proportions of sperm populations
defined by LPFo-ANS fluorescence over the head and
midpiece regions reinforce the findings of previous
studies, indicating that the interaction of spermatozoa
with LPFo has an overwhelming protective effect on
the sperm membrane architecture during liquid storage
or cryopreservation of semen [4-6,8]. 
In the second experiment ANS fluorescence
showed that the overall distribution of LPFo binding
sites on the membranes of cold shock-treated sperma-
tozoa was sparse, indicating low affinity for the probe
due to irreversible damage to the membrane structures.
Surface molecules exposed at the sperm plasma mem-
brane act as sensors integrating environmental infor-
mation and signaling cell surface events to the cyto-
plasm and nucleus promoting thereby a cellular
response [26]. Exposure of spermatozoa to cold shock
temperature prior to LPFo treatment affected the mem-
brane ability to regulate itself and possible other cellu-
lar functions. It is conceivable that severely cold
shock-treated spermatozoa show extensive damage to
their membrane architecture, involving not only the
plasma membrane but also the acrosome [2]. Our
results are in accordance with those of previous find-
ings, indicating that boar spermatozoa are unable to
recover from cold shock-induced damage [27].
Taken together, the results of this study reaffirm
that components of LPFo, presumably phospholipids,
confer protection to spermatozoa at different domains
of the membrane architecture during liquid storage. It
is likely that the considerable variations among boars
with regards to the protective action of LPFo could
affect the sperm susceptibility to cryoinduced damage.
Furthermore, it can be suggested that the ANS fluores-
cence analysis can be used as a laboratory test, where
modifications of the sperm membrane can be accurate-
ly monitored in studies attempting to optimize the pro-
tocol for cryopreservation of boar semen. Further
research efforts are been pursued to investigate the
dynamic interactions of LPFo components with sperm
membrane structures at different stages of the cryop-
reservation procedure in order to improve the freez-
ability of boar semen.
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